describes eight tests for passenger car tires, namely visual inspection, dimension measurement, bead unseating, strength, tensile strength and elongation, aging, endurance, and high speed performance. This paper summarizes the results of the first five tests that were conducted on abroad sample of imported tire brands. The remaining three tests (aging, endurance, and high speed performance) are still in progress.
Experimental Design
Four infrequently failed tire brands and four frequently failed tire brands were selected (Ratrout et al., 2002) . This categorization was based on observing the brand of failed tires (blow out or tread separation) along four major roads in Saudi Arabia during three months in the summer of 2001. The number of failed tires for each brand together with its market share along the four roads was used as rates to rank the tire brands. The highest and lowest four ranks were selected for this research. It should be emphasized that because of the limited tire sample size in the previous project, the term of frequently and infrequently failed tires should only be taken as a rough measure for segmenting the tire population into two main categories. Consequently, sampling from both categories, simultaneously, should increase the probability of covering a wide spectrum of tire properties and characteristics.
The four infrequently failed tire brands were termed as brands A, B, C, and D, while the other four frequently failed tire brands were referred to as brands E, F, G and H. Three tires from each brand were subjected to the testing program. All tires were radial, new, and less than six months old at the time of testing. With the exception of brands E and F, all tires were of the size 225/70 R15. This size is currently the most frequently used size in the Country. However, brands E and F of this size are not imported (Ratrout et al., 2002) . Consequently, the next most frequently used size, namely 205/65 R15, was selected for these two brands (Ratrout et al., 2002) .
Test Procedures
The visual inspection test recommended by SASO Standard No. 448/1986 (Saudi Arabian Standard Organization, 1986a , requires the tire to be visually inspected by the naked eye, for any cracks or cuts in the tread or sidewalls. Information and markings molded on the tire that are required by SASO Standard No.445/1986 (Saudi Arabian Standard Organization, 1986c , were checked.
The dimension measurement aimed to compare the actual overall width and diameter with the standard values given in SASO Standard No.445/1986 (Saudi Arabian Standard Organization, 1986c . Each tested tire was mounted on a measuring rim and to the pressure specified in the standard, and allowed to stand for 24 hours at room temperature (23 ± 2°C). Before conducting the measurements, the pressure was adjusted to the original values and the tire width was callipered at six different points spaced equally around the circumference. This was done using a Vernier caliper having an accuracy of 0.05 mm. The average value of these readings was reported as the section width. The maximum outer circumference was measured with a typical steel tape and then the value was divided by π to obtain the overall diameter. These values were then compared with the SASO standard (Saudi Arabian Standard Organization, 1986c) .
The bead unseating test evaluates the tire resistance to unseating the tire bead from its rim when subjected to lateral forces such as during severe turning movements. For the tire sizes tested in this paper (section widths 205 mm and 225 mm), this force should not be less than 11,350 N (Saudi Arabian Standard Organization, 1986b) . The tires were washed and dried, mounted on a clean rim and inflated according to the proper pressure specified in the standard at ambient temperature. A material testing machine (INSTRON) was modified to host the tire-wheel assembly horizontally. The testing machine had a force measuring accuracy of 0.5%. The load was applied through the unseating block (shoe) to the tire sidewall at a rate of 50 mm/min, Figure 1 . The load was increased until the bead unseated or until the load of 11,350 N was reached, whichever happened first (Saudi Arabian Standard Organization, 1986a) . For each tire, a sample of six readings was taken at six equally spaced points around the circumference.
The strength test evaluates the strength of the reinforcing material in the tire. According to the previous SASO Standard 447/1986, the bearing energy for the tires tested should not be less than 294 N.m. Each tested tire was mounted on an appropriate rim and inflated to the proper pressure as specified in the standard. The material testing machine (INSTRON), which was used in the bead unseating test, was modified to support a cylindrical steel plunger of 19 mm diameter with a hemispherical end, Figure 2 . The plunger was forced into the tread as near to the centerline as possible at a rate of 50 mm/min. The distance the plunger moved was reported by an external linear transducer capable of providing an accuracy better than 0.1 mm. Five measurements of force and penetration were taken at points equally spaced around the circumference of the tire. The breaking energy was calculated according to the following formula: The tire was considered to pass the test when the breaking energy was not less than 294 N.m. If the plunger reached the face of the rim without any break occurring (plunger bottoms out), the tire was also considered to pass this test.
The tensile strength and elongation test was conducted using a test specimen of the shape and dimensions shown in Figure 3a and was taken from each tested tire using a press mold, Figure 3b , in the direction of the circumference. The specimen was clamped between the two jaws of a material testing machine (LLOYD LR300K), Figure 4 , and stretched at a rate of 500 ± 25 mm/min. The testing machine had a force measuring accuracy of 0.5%. The stretch in the specimen was reported by an internal extensometer resolution having an accuracy better than 0.005 mm. The tensile strength and elongation were calculated according to the following formula: To pass the SASO standard, the tensile strength of the rubber should not be less than 1.2 kg/mm 2 and the elongation should not be less than 300% (Saudi Arabian Standard Organization, 1986b) . It is interesting to note that the unit used in this test was kilogram rather than Newton. This is inconsistent with the SI system and other SASO tests.
Results
Visual inspection of the tires revealed that all of them were free from cracks or cuts. All information required by the SASO standards, namely designation of dimensions and construction, designation of tire rim diameter, designation of load and speed, country of origin, date of manufacture and batch number, were present (Saudi Arabian Standard Organization, 1986c). The width measurements of the tested tires, Table 1 , showed that the coefficient of variation within each tire width measurement never exceeded 0.5%. This indicates that the width of each tire was uniform around its circumference. The diameter measurements in Table 2 show that almost all tire brands had some degree of discrepancy with the SASO standard. The standard does not specify the values for tires of width greater than 195 mm under the 65 series. Consequently, there were no standard values with which brands E and F could be compared. However, the average discrepancy for the remaining tires was 7.5 mm and 9.0 mm for the diameter and width measurements, respectively. Surprisingly, the SASO dimension standards do not mention any tolerance values for tire dimensions, hence almost all the tested tires did not comply with these standards. Clearly, this is impractical from an engineering point of view. The standard should have some tolerance to account for the accuracy of measuring instruments and other random errors. The bead unseating test was easily passed by all tire brands, Table 3 . It is also interesting to notice that the results in Table 3 show little variation within, and between, different brands. The coefficient of variation within brands was less than 2.1%. The average value for all brands (i.e. 24 tests) was 11,685 N with a coefficient of variation equal to 1.5%. The U.S. National Highway Safety Administration reported that the bead unseating test and strength test seem to be ineffective in differentiating between radial tires and that these tests are more useful for bias ply tires (National Highway Traffic, 2002 ) .
In the strength test, the results for all tires were so good that the plunger reached the bottom (rim surface) without breaking the reinforcement material in the tread. This seemed to be consistent with what is being reported in the U.S. The National Highway Traffic Safety Administration has recently reported that this strength test, which was originally designed for evaluating the strength of bias ply tires, was not so effective in testing radial tires (National Highway Traffic, 2002) . They also reported that "because of the belt package, radial tires far exceed the strength requirements of the test and many times the plunger bottoms out on the rim instead of breaking reinforcement material in the radial tire" (National Highway Traffic, 2002). The U.S. Rubber Manufacturer Association members also reported conducting about 19,000 strength tests on radial tires, none of which failed (National Highway Traffic, 2002) .
The results of the tensile strength test for our study, Table 4 , show that the variation within each brand is small. The coefficient of variation was less than 5% for all brands except brand F. The latter had a value of 22.6%, Table 4 . Brands A-D (infrequently failed) passed the strength requirement of 1.2 kg/mm 2 . On the other hand, none of the frequently failed tires (brands E-H) passed this requirement. The average strength was 2.44 kg/mm 2 for the infrequently failed tires and 0.82 kg/mm 2 for the frequently failed tires. These two averages are statistically unequal at a significance level of 0.05%, Table 5 .
The elongation test results for the tread samples was inconsistent and the variation within brands was high. The coefficient of variation ranged from 88% for brand E and 
Conclusions
The dimensions of almost all the tested tires were at variance with the SASO standards. The average difference was 7.5 mm and 9.0 mm for the diameter and section width, respectively. However, it is not known whether these differences are acceptable from a safety and operational point of view. It might be beneficial for the standard to include some tolerance value for the dimensions, to overcome this shortcoming.
All the tested tires easily passed the bead unseating and the strength tests. Both tests seem not to be stringent enough for radial tires.
The infrequently failed tires passed the tensile strength test with an overall average value of 2.44 kg/mm 2 . Whereas, none of the frequently failed tires was able to reach the 1.2 kg/mm 2 strength required to pass this test. The overall average tensile strength of these frequently failed tires was 0.82 kg/mm 2 . This was statistically different from the average value of the infrequently failed tires at a 95% confidence level. Consequently, this tensile strength test seemed to be useful in the screening of imported radial tires. The elongation test results were inconsistent for the tread samples because of the existence of grooves in the tire tread. Due to the erratic elongation results, another set of specimens were taken from the sidewall of the tire to avoid the effects of the groove. The results of these specimens appeared to be more consistent and to have less variation within brands. The coefficient of variation was less than 15% for all the tested brands, Table  4 . The use of sidewall specimens to measure the elongation gave better results. In this case, some adjustment to the specifications may be needed to determine the allowable minimum value since all results passed the minimum required elongation of 300%.
Recommendations
Our research study indicated that the SASO standards need to be critically reviewed and updated. Dimension standards should be completed for all tire sizes and reasonable tolerance in the dimension standard should be considered. All units in the SASO standards should be consistent and should follow the SI system. The bead unseating test and the strength test are not stringent enough for radial tires. The merits of these two tests for radial tires should be studied and appraised. In the tensile strength and elongation test, it is recommended to use the sidewall specimens in measuring elongation and to adjust the passing minimum value accordingly. 
